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The purpose of this research is to run CFDs (Computational 
Fluid Dynamics) with several type of objects that consist of the 
following: 90-Degree Pipe, Combustors, Scramjets, Scramjets 
with Fuel Injectors, and Airfoils. The sole reasoning is to get a 
clear understanding of the mechanisms that are ran through by 
using the computational software called: ANSYS. With this, it 
will aid into running fluid flows through these objects to observe 
the desirable variables such as: Velocity, Temperature, Pressure, 
Total Pressure, Total Temperature, Eddy Viscosity, Turbulence 
Kinetic Energy, Turbulence Eddy Dissipation, etc.  
 
INTRODUCTION 
 Throughout the research, before going into the aspects of the 
overall project dealing with rotorcrafts, ANSYS is the first step 
in figuring out how flow simulations are constructed. With the 
usage of figuring out fluid flow simulations, it will then help with 
finding the flow throughout the various types of objects in which 
are being tested. The objects that we have evaluated are the 
following: 90-Degree Pipe, Combustors, Scramjets, Scramjets 
with Fuel Injectors, and Airfoils. we analyzed a 90-degree pipe 
that has air at 25 degrees Celsius with the flow of water going 
through the pipes. The goal of this lab was to analyze the 
pressure and velocity using several different types of flow such 
as: Streamlines, vectors, etc. This will then help us discover the 
shear difference of what is going on through the flow of the pipe. 
 Combustors are the components used in engines (i.e., 
turbines, scramjets, ramjets, etc.) that burns fuel within itself 
with an excessive amount of pressure and velocity proceeding 
through itself. With combustors, with its gas at high 
temperatures, it can produce thrust through its nozzle inside the 
gas turbine [1]. Since there are different types of engines, it 
insinuates the idea of which each of them can act differently 
within itself.  
 There are three types of combustors: annular, can, and can-
annular. Annular combustors are the types with the lining sitting 
inside the outer casing, however, this type of combustor is more 
common with modern combustors that are used for turbines [1]. 
Can combustors have a liner with casing that are all arranged 
throughout the central shaft of the engine [1]. Lastly, the can-
annular combustor has a casing of annularity, and the liner is as 
well can-shaped [1]. In the design we have conducted, it did not 
clarify its classification for the type of engine that was being 
conducted, so the one that was tested is only just a mere basic 
model of how a combustor act within itself. Descriptions and 





 The combustor is conducted/analyzed through a fluid flow 
simulation of ANSYS. The purpose of this to find the following 
variables that have a role to play within the combustor: kinetic 
energy, velocity, turbulence kinetic energy, eddy viscosity, 
turbulence eddy dissipation, total pressure, and pressure. 
Diagrams will be provided to show what the variable is currently 
going on within the combustor as these different variables appear 
to have different encounters with how the system reacts to these 
things being applied to it. 
 The origins of a scramjet (Supersonic Combustion Ramjet) 
are of a supersonic combustion engine that has the airflow go 
through the engine at a supersonic level (they can reach up to at 
least Mach 15 which will make this hypersonic) [1]. They can be 
commonly confused with ramjets, which also serves as a 
combustor, but the air is compressed by the amount of thrust that 
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Figure 1: Combustor Analysis [1] 
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is being produced in the aircraft (has a range of Mach 3 to 6). 
These types of propulsion systems help combine fuel with a 
liquid form oxygen to create thrust for it [2]. Thus, this makes it 
an “air-breathing” engine. This proves this system is a lot more 
efficient for its external usage of combustion, as its main 
component of fuel is oxygen. 
 Lastly, Airfoils are what produces lift and drag when 
through the air for aircrafts [10]. Particularly speaking, NACA 
airfoils are used for an aircraft, which can help indicate the type 
of specifications that it has for it. For example, the NACA 0012 
Airfoil is used for finding the flow separations at various angle 
of attacks such as: 3, 6, and 9 degrees. With this, it is to determine 
how much of the air is going through both the trailing and leading 
edge [11]. 
 Kinetic Energy is defined as energy in motion in the units of 
Joules, J [2]. Following Eq. (1) 
  




Although KE itself will not be accounted for in this project, 
however, since this report is based on ‘Fluid Dynamics Analysis 
Over Turbulent Flows’, it will be based off TKE. It is defined as 
the mean kinetic energy per unit mass that has some relations to 
eddies in turbulent flows (as a side note, Eddies in turbulent 
flows are swirls of fluids going around a turbulent flow) [3] with 





Eq. (2) [4] 
 
 Next is Eddy Viscosity, which is talks about the turbulence 
transferring through energy through tangential stresses taken in 
account for with the SI units of m2/s [5]. The equation for this is 
shown below in Eq. (3).  
 
  
Eq. (3) [5] 
Another one is the turbulent eddy dissipation rate that goes from 
large to small eddies that converts to thermal internal energy in 




   Eq. (4) [6] 
 
Total pressure and pressure are different variables to take in 
account for. Total pressure is the sum of static pressure and 
dynamic pressure. Regular pressure is basic terms of force per 
unit area in Eq. (5) 
 
   P = F/A    (5) 
  
Lastly, velocity is used to figure out the speed that is going 
through the combustor (it is in the SI units of m/s). There is no 
equation used for this as velocity is the derivative of speed 





AOA          Angle of Attack 
KE Kinetic Energy, J 
v Velocity, m/s  
TKE Turbulence Kinetic Energy  
η Eddy Viscosity  
ε Turbulence Eddy Dissipation  
po Total Pressure 
p Pressure 
To Total Temperature 




The basis of this report is reflected upon a fluid flow 
simulation called ANSYS. To begin, a SOLIDWORKS model is 
inserted into the program, and before the results are calculated 
etc., the model of the object itself is then meshed to the following 
settings for it to set up and calculate the data that it will solve for. 
Once the data is calculated, it will then provide a color diagram 
of the combustor and the areas that are most/least affected in 
certain areas of itself (using the following variables: KE, TKE, 
Eddy Viscosity, Turbulence Eddy Dissipation, Total Pressure, 
and Pressure). 
Going more in depth in terms of figuring out how to work 
through ANSYS, at the beginning of an ANSYS project, double 
click on “Geometry” and import a SolidWorks file of the model 
to go through some sort of stimulation. After that is done, 
meshing is what comes next, once the window appears, it will 
then show the left menu items of the outline.  
Going through the “Analysis Type” option, it will go into 
option of going through “Transient” or “Steady State” and etc. 
Going through with the Transient option, it will then cover the 
entirety of the pipe with green lines shaped as triangles 
throughout the model, which will indicate that it is ready to be 
meshed after following a few more steps (changing the material 
to Air at 25 degrees Celsius etc.). Put a check mark in domain 
initialization and for the UVW vector coordinates, mark them all 
filled with zeros.  
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Make boundaries for the inlet and outlet having arrows 
going in and then arrows going out (indicating the flow of water 
going through them). Determine the amount of speed it will 
undergo by inputting a certain amount of velocity going. Once 
that goes on, run the data, and depending on the number of 
iterations that is happening, it could either be time consuming or 
should not take up any more time than it is. After those loads, it 
is time to make sure to undergo whatever types of flows, given 








Figure 13: Eddy Viscosity of the Combustor 
 
Figure 14: Pressure of the Combustor  
 
Figure 15: Total Pressure of the Combustor  
 
 
Figure 16: Turbulence Eddy Dissipation of the Combustor 
 
Figure 17: Turbulence Kinetic Energy of the Combustor  
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Figure 18: Velocity of the Combustor  
DISCUSSION 
In each of the diagrams shown, the red shows what 
areas are more affected and blue shows what are the least 
affected. For Figure 2, the eddy viscosity is very low at the inlet 
and outlet which indicates the heat flux in the combustor is 
moving from higher temperatures to lower temperatures, thus, 
there is more of an increase of itself in the central area of the 
combustor.  
In Figure 3, there is less pressure occurring in the inlet, 
but increases at the outlet, because at the inlet it is slightly 
smaller than the outlet. Compared to the outlet, the outlet is much 
better that will allow more friction to increase the pressure at the 
outlet. In Figure 4, the total pressure is steadily increasing at the 
inlet and outlet of the combustor, because if the pressure is 
slowly increasing, then that would mean in a compressible flow 
aspect inside the combustor, the total pressure would remain 
constant within itself. Another thing to note that could occur is 
the combustor is fed with higher temperatures of air that causes 
the total pressure to remain constant. 
 In Figure 5, the turbulence eddy dissipation is as like 
Figure 2; therefore, because of how the heat flux is very low at 
the inlet and outlet, it causes the dissipation to remain at a 
constant level of nothing. In Figure 6, similar cases to Figure 2 
and 5, it is ultimately at a constant level of nothing for the 
turbulence kinetic energy. Reasons that could rise upon for this 
observation is for turbulent flows, they are more chaotic than 
laminar flows. Because of this, since it seems as if the pressure 
(alongside of velocity from prior knowledge from fluid 
dynamics) and other factors that are more relevant for this, as 
opposed to the other figures, the combustor is already at a state 
of spontaneous flows going throughout the system, which causes 
it to be unattainable and at a low and constant of flow going 
through it.  
In simpler terms, its as if those figures and variable 
applications are both redundant and unnecessary, because 
determining Reynolds Number is simple yet it is already known 
the combustor is already at a state of turbulence that cannot be 
measured any further than it must be in this case. Lastly for 
Figure 7, the velocity is increasing at the inlet and is slightly 
increasing alongside at the outlet as well, because the air 
vigorously flows through the semi-large inlet and then a large 
outlet. Comparing this to Figure 3, as the velocity is steadily 
increasing, the pressure will then increase as it reaches the outlet. 
Reaches to the realization that occurs: Because since there is no 
energy that is being accounted for from the combustor, the total 
pressure remains constant. 
 
CONCLUSION 
The purpose of this report was to report the findings of the 
type of variables that can be applied for a combustor. It was then 
concluded that the significance of finding any variables that 
intertwined with turbulence were deemed irrelevant as 
combustors are already in the state of turbulent flows going 
through it. If the combustor was going through some type of 
laminar flow, it would raise some question of testing if there 
could be some indication of whether it could have some 
transition/turbulent tendency that could allow some more detail 
that could occur for the TKE, TED, and EV. Otherwise, the 
combustor shows that pressure, total pressure, and velocity 
easily coordinate with each other, as they have close relation to 








Figure 19: Scramjet (Eddy Viscosity) 
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Figure 20: Scramjet (Pressure) 
 
Figure 22: Scramjet (Turbulent Kinetic Energy) 
 
Figure 23: Scramjet (Velocity) 
DISCUSSION  
For each of the scramjets, the bottom portion of it, there is 
vorticity occurring. The type of variables that are applied differ 
entirely; it only depends on what is going on for the y-axis for 
the upper portion of the scramjet. The planes are applied into the 
object, to help coincide the direction of the flow that is going at.  
 For Eddy Viscosity, there is less flow going through at 
the inlet and outlet, however, below where vorticity is occurring, 
there is a huge amount of turbulence of energy that is circulating 
at the point, which means the eddy in the flow is heavily 
turbulent. For Pressure, as a rule of thumb, it is present at the 
inlet but will slowly have lesser of it at the outlet of the scramjet. 
The vorticity of the scramjet is about average in terms of flow, 
which is still worth noting.  
For the Total Pressure, referring to Bernoulli’s 
equation, the static pressure plus the dynamic pressure equals the 
total pressure, which will always make the flow constant along 
the streamline of the scramjet. For Turbulent Kinetic Energy, it 
has very low turbulence that of which can be due to pressure 
difference. Lastly, for the velocity, it remains seeming constant 
across the streamline, but is slightly lesser than the inlet. The 
vorticity when velocity is applied results for it to be smaller. 
 
CONCLUSION 
The scramjet has airflow through itself that is 
hypersonic, can reach up to a maximum of Mach 15 or more, 
which is very abundant. Which can indicate that the turbulence 
will not be compensated, since it can reach a high Mach number, 
it would be too high to have turbulence to go through in a 
compressible flow. Which results in variables that relies on 








Figure 11: Scramjet (Total Pressure) 
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Figure 24: Fuel Injector at 30 Degrees (Velocity) 
 
Figure 25: Fuel Injector at 30 Degrees (Pressure) 
 
Figure 26: Fuel Injector at 30 Degrees (Temperature) 
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Figure 20: Fuel Injector at 60 Degrees (Pressure) 
 
Figure 31: Fuel Injector at 60 Degrees (Total Pressure) 
 
Figure 32: Fuel Injector at 60 Degrees (Temperature) 
 




Figure 34: Fuel Injectors at 90 Degrees (Pressure) 
 
Figure 35: Fuel Injectors at 90 Degrees (Temperature) 
 
Figure 36: Fuel Injectors at 90 Degrees (Total Pressure) 
 


















Skin Friction at 60 Degrees
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Figure 38: Skin Friction for Fuel Injector at 90 Degrees 
Discussions 
     The data shows the total pressure, skin friction, pressure, and 
velocity of fuel injectors at different angles. Scramjets must have 
a perfect ratio of fuel and air going into the inlets. If a large 
amount of air is taken in, then the combustor won’t operate. That 
is, it depends on the certain angle the fuel injectors are pursued. 
For the main two variables, as the angles of the cavity injectors 
increase, then velocity will increase in the inlets but then will be 
smaller at the output. However, for pressure, as the cavity 
injectors increase in its angles, it will then slowly become 
smaller alongside of being constant (refer to Figure 6). 
 
CONCLUSION 
     Scramjets, aka supersonic combustion ramjets, have cavity 
injectors will enables it to have an air plus fuel mixture for it to 
produce more thrust in the engine. With these, they can be 
selected by an angle that is most appropriate, for the reason being 
that at a certain velocity or pressure it can produce more thrust 
from the amount of mixture it is receiving through the injectors. 
Within this jet, the injectors help fluctuate the scramjet to reach 
the entire plane with a large Mach 2 or higher, or supersonic flow 










Figure 40: Pressure of NACA0012 (AoA of 3 degrees) 
     Figure 41: Total Pressure of NACA0012 (AoA of 3 degrees) 
 
Figure 42: Turbulent Kinetic Energy of NACA0012 (AoA of 3 degrees) 
 


































Skin Friction of NACA0012 (AoA 
of 3 degrees)
Figure 39: Velocity of NACA0012 (AoA of 3 degrees)  
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Figure 44: Pressure of NACA0012 (AoA of 6 degrees)  
Figure 48: Skin Friction of NACA0012 (AoA of 6 degrees) 
 
      Figure 48: Total Pressure of NACA0012 (AoA of 9 degrees) 
 

















Skin Friction of NACA0012 (AoA 
of 6 degrees)
Figure 45: Total Pressure of NACA0012 (AoA of 6 degrees) 
Figure 46: Velocity of NACA0012 (AoA of 6 degrees) 
Figure 47: Turbulence Kinetic Energy of NACA0012 (AoA of 6 degrees) Figure 50: Turbulent Kinetic Energy of NACA0012 (AoA of 9 degrees)
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 The data shows the total pressure, skin friction, pressure, and 
velocity of airfoils at different angles of attack. The airfoils were 
measured at the different angle of attacks which were 3,6, and 9. 
The airfoils is what controls the lift and the drag of a wing. 
Downward force on air is under the wing and the purpose of the 
airfoils is to lift the aircraft up. The flow separation is shown in 
the skin friction charts. The AoA 3 shows the least amount of 
flow separation. The AoA 9 shows the most flow separation. 
 
CONCLUSION 
   Airfoils are the main component of a wing structure. 
Depending on the NACA air foil, it will determine its thickness 
and camber. The results and data received from the test ran 
through Ansys shows the relationship between the three angle of 
attacks and the affect they have on the wing. In order to get more 
lift, there needs to be more pressure on top of the airfoil. The low 
pressure on the bottom of the airfoil will have an increase in drag. 
 

























Skin Friction of NACA0012 (AoA 
of 9 degrees)
Figure 52: Skin Friction of NACA0012 (AoA of 9 degrees) 
Figure 53: Pressure at 3 m/s  
Figure 54: Pressure at 6 m/s 
Figure 55: Pressure at 9 m/s  
 




















       According to the graphs at 3/6/9 m/s, when pressure 
goes into the inlet of the pipe, it has a high pressure; 
however, when the pressure exits the pipe (outlet), then the 
pressure is low. For the velocities, the speed of the flow in 
the inlet is low, however once it goes out through the outlet, 
it is then having high flow. For the Turbulence Kinetic 
Energy, through both the inlet and 
outlet of the pipe, it is very low TKE.  
Lastly for the skin friction, the velocity applied to it still 
even has a low speed at the inlet and then has a higher speed at 
the outlet. With the graphs, they show the major fluctuation 
within the entire pipe. It can be somewhat hard to read, but the 
thing to take out of it is the peaks it reaches and at what point does 
it stop at a certain point on it. 
 
CONCLUSION 
ANSYS is a very useful way to visualize the flow 
through a pipe, turbine, blades, or any time of model. 
Majority of this is to show the indication of how the flow is 
settled in terms of it raising or declining at a certain portion 
of the graph or of the diagram. For the most part of this 
analysis, it’s to show that there is more to be discovered 
(especially more in depth) about how this type of flows 
interact with each other. 
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Figure 56: Velocity Streamline at 3 m/s  
Figure 57: Velocity Streamline at 6 m/s and 9 m/s  
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